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A SIMPLIFIED PROCEDURE FOR MAJOR THOROUGHFARE PLANNING
IN SMALL URBAN AREAS
A. D. Jones, Graduate Instructor, Joint Highway Research Project, Purdue
University
W. L. Greceo, Research Engineer, Joint Highway Research Project, Purdue
University
INFORMATIVE ABSTRACT
The purpose of the research project was to develop a simplified proce-
dvire for major thoroughfare planning in small urban areas. Previously
developed corridor growth fuctor models for developing future estimates
of intem€LL traffic in small urtan areas were tested, modified and refined
using Lafayette, Indiana data.
Regression models to provide data ususilly obtained by use of external
cordon surveys were developed. External survey reports from thirty-six
cities in fourteen states, remging in population from ten thousand to ninety
thousand, provided the majority of the data utilized. Alternate procedures
for providing the external svirvey information, based on use of historical
data from the subject city, were also developed.
The completed procedure provides forecasted traffic volumes within the
accuracy necessary for major thoroughfare planning in small urban areas at
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lower cost and with a level of sophistication that will permit application
by personnel usually available in small coinm\inities
.
The feasibility of the complete procedure for providing the required
traffic volmne for major thoroughfare planning in small urbaji areas weis
demonstrated in Columbus, Indiana.
INTRODUCTION
The continuing planning process developed as provided by the Federal
Aid Highway Act of I962 was somewhat precise and detailed in the stated re-
quirements. A complete land use inventory, an inventory of existing physi-
cal facilities, an inventory of population and economic information, a re-
view of existing zoning and subdivision regulation ordinances, an inventory
of parking facilities suid ussige, suid a complete inventory and study of all
other aspects pertaining to or connected with existing traffic was required.
In addition to requiring the detailed inventories, the manner in which this
information would be obtained was carefully outlined. A home interview ori-
gin-destination survey and an external cordon survey were specifically re-
quired. With the information from the external sur-vey and other collected
data, forecasts of future traffic volumes were made asid total future trip
generation by traffic zone within the study area determined. Through the
use of computers , these future trips are distributed between the various
traffic zones and fina3.1y the total trips between zones are assigned to a
mathematicetl representation of the major arterial network. Through this
process the planners are able to determine the segments of the trsmsporta-
tlon system requiring either Improvement or further planning for develop-
ment of complete new segments to handle forecasted traffic for the target
year. This is accomplished by comparing the assigned traffic to the exist-
ing capacity of the individual segments of the system.
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Techniques specifically designed to accomplish the same objectives for
the smaller virbeui areas as for these larger studies have not been developed
and tested. In genersLl, especisLLly in the 25,000 to 50,000 population range,
it has been the practice to assume that the same studies and depth of detail
as used in the larger areas were an absolute necessity. This of course means
that in smaller urban areas, to ensure statistically sound sampling, a much
higher overall saarple percentage is necesseury for the home intei-view origin-
destination survey. In addition, a staff to successfully complete a trans-
portation study requires highly qualified professional and technical person-
nel. The required professional staff for a small urban area will be almost
as large as a staff for a larger urban area. The end result is that even
if a coiapetent staff were available to complete a transportation study for
a small urban area, the cost will be much higher on a per capita basis than
for a large urban area.
An additional major disadvantage of the detailed procedures followed in
larger eureas is the length of time required to complete such a comprehensive
study. The initial data collection phase of a study will usually require a
minimum of two years when using established procedures in any urban area.
In addition, to attain the maximum benefits from such studies they should
be reviewed and updated every five years as a minimiom.
In the smaller urban areas of 5,000 to 50,000 population there are al-
ways many existing minor transportation problems. These will become greater
as the area grows and auto registrations increase. These problems can be
alleviated by proper plemning in the majority of cases even though such plan-
ning is not presently required by Federal legislation.
For the purposes of this study a small urban area will be defined as a
geographically separate urban area. The size will be limited to less than
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100,000 popvilation. Public transportation in such areas usually is nonexist-
ent or at best provides transportation for a small portion of the population,
therefore study procedures for this area will not be included. This is not
to imply that small urban areas can ignore the need to plan for a proper
transit system.
A simplified planning procedtire for major thoroughfare pleuining, developed
and designed specifically to satisfy the requirements of small urban areas, is
needed. The procedure must be easily applied by the type of personnel usually
available at the municipal level of government , must require a small budget
,
and must produce results with the degree of acciiracy necessary for sound thor-
oughfare planning.
The utilization of the existing city personnel would accomplish a multi-
purpose objective. First, the completion of the study by the local people
would enhance the possibility of developing the all important continuing
planning process. Second, this type of procedure would permit maxim\jm effi-
ciency and econoniy, allowing city personnel to complete the required data
collection during normal slack periods in their regular routine. Third,
and possibly most important, the involved personnel will gain an overall
knowledge of the community and its traffic and transportation problems. The
problem was approached with the above criteria as a guide.
French's (3)* recently completed research study utilized data that are
readily available in smtd.1 areas in order to develop simple models for de-
riving internal-internal traffic volumes on arterial streets in small urban
areas. He used only three independent variables in his models which required
collection of data. These variables were dwelling units, retail employment
and total eraplojrment per corridor. The procedure also required delineating
traffic corridors, establishing the limits of the central business district
•niombers in parentheses refer to items in List of References
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and its environments and determining an external cordon line.
The exist-
ing traffic volumes at each intersection of a major arterial
with the cor-
ridor boundary was also required. All of the required
information for the
above models are readily available in all areas or easily
obtainable from
uncontrolled aerial photography such as flown by the U. S.
Department of
Agriculture, and other sources such as the state employment
office, etc.
CONCEPTUALIZATION
In the larger urban areas the shear magnitude of the component
parts
of the transportation system and interactions of the many
attracting forces
or traffic generators make the problem impossible for the
planners to men-
tally visualize. As a result a step by step planning process
is required
that includes data collection, assimilation and summarizing
of the data with
the use of computers. In this manner the individual components
may each be
carefully analyzed separately and then combined in any selected
manner for
analysis of alternate systems. However, this procedure is
costly and is
not necessary for transportation planning in smaller urban
areas.
The majority of the small urban areas in this country have
experienced
a modified sector and concentric circle growth pattern.
The central busi-
ness district remains as the major traffic generator in the
community and
traffic corridors radiate outward from this center. If major
shopping cen-
ters exist, they are usually located on the radial arterial
streets and their
size, even though they may be substantial, do not compare to
the size of the
central area; therefore their influence is subsidiary to
the central area.
The traffic corridor concept of thoroughfare planning is not
new. In
fact, many transportation planners still feel this approach to the
solution
of the problem of providing an adequate transportation system is
superior to
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a zone by zone analysis even in this day of third generation computers. Us-
ing the corridor technique requires that both the capacity of the available
thoroiighfares and the forecasted future traffic volumes be determined by cor-
ridor. The traffic corridor concept is accepted in principle by all planners
who utilize computer capacity-restrained-traffic assignment packsiges in trans-
portation planning. This particular theory of assignment provides for a re-
duction in link speed when the assigned volume reaches a predetermined level,
with this level being based on the level of service concept of capacity. The
reduction in link speed forces computation of new zone to zone minimum paths
or trees and new assignment of trips. This effectively distributes trips over
a number of arterisQ. streets serving the same basic traffic movement and pro-
vides in essence a corridor assignment. In many cases the reasons for traveller
preference for one arterial over another in a corridor may be a slight travel
time difference or other factor that can be readily rectified or which becomes
nonexistent as volumes increase.
Future desire or demand traffic volumes ere necessary for each corridor
to permit planning for improvements to handle the demand within the time con-
straint established. French proposed that this future traffic volume could
be obtained by multiplying the existing traffic volumes by a growth factor (3).
The growth factor was based on growth of the "activities" in the corridor. Com-
parison of the streets capacities to forecasted volumes can then provide an
estimate of system deficiencies.
PROCEDURES
The entire procedure is predicated on the assumption that the existing
travel patterns in the community will remain stable over time. This is con-
sidered a reasonable assumption. It can be noted that even in the very large
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cities the basic travel patterns remain substantially the same except for
circuitous travel over routes provided by controlled access facilities that
tend to encourage such travel. In the small cities the growth is usually
an extension along present patterns. To disrupt or change the basic travel
patterns in a smstll city would require the elimination of a large portion
of the existing street network. This is not likely to occur.
The procedure developed considers external and internal traffic sepeurately
and each will be discussed separately herein.
Corridor Identification
A corridor may be defined as an area between traffic divides and repre-
senting the area producing trips served by the one or more basically parallel
major streets in the area. The orientation of the corridor in small urban
areas would be basically oriented toward the central area because of its pre-
dominance as a generator. With a knowledge of the local travel habits, sup-
plemented by aerial photographs, street classifications, land use maps, and
a traffic volume map, the corridor limits may be determined. The corridor
boundary should be equidistsmt between arterials unless physical constraints
dictate otherwise. Corridors may overlap with separate corridors identified
on circumferential or cross routes.
To select corridors first requires delineation of the central area. This
central area would include the CBD "core" and would generally include the
"frame" of the CBD. Specifically, the central area wo\ild begin at the point
where radial corridors and the arterial streets serving the corridors merge
and lose their individual identity. Usually the merging movement would be
served by cross routes bordering the CBD providing for disbursement of traf-
fic to the scattered destinations.
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Traffic entering small cities is composed of varying percentages of
extemsd-intemal and external-extenial traffic. Generally, the composi-
tion and magnitude of this traffic is determined by an external cordon sur-
vey.
It was determined that there were five different items in external traf-
fic information requiring procedures to be developed for application in the
planning. These were as follows:
1. Method of forecasting total external traffic volumes.
2. Method of allocating the total external traffic to each external
cordon crossing.
3. Method of determining the amount of the forecasted total external
traffic that is extemal-intemaLL traffic volumes.
k. Method of allocating the external-internal traffic volumes to each
extemsd. cordon station.
5. Method of determining the amount of the total external-internal traf-
fic volumes that is the external-internal traffic destined to the
central area.
Each of the above will be discussed separately.
There are two separate feasible procedures to follow for determining
the total extemsd traffic and the components of extemeil-extemal and ex-
temeLL-lntemal traffic necessary for the simplified procedure for major
thoroughfeure planning. The procedure will be selected on the basis of the
available information:
1. A previous external cordon survey study for the area is available.
2. Traffic volumes from a past year are the only available information
at each cordon station.
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External Report Available
Total External Crossings . With an external survey report available the pro-
cediire is greatly simplified. A growth factor bsised on the increase in ve-
hicle registration should be adequate for forecasting to the future. A cal-
ibration period using a growth factor based on five to ten years should pro-
vide a check on the accuracy of the procedure. To test this assumption, fif-
teen cities in Indiana were selected for a data set. Traffic volxanes on an
external cordon around each city were obtained for two points in time which
vere not less than five and preferably ten to twenty years apart. The cor-
don line was established at a point that included the urban area for both
years and where an Indiema count station was located. A regression analysis
was made using the base year total external traffic volumes multiplied by a
growth factor representing the increase in county vehicle registration for
the period between the two points as the Independent V8triable. The observed
totaJ. extemsJ. traffic volume for the later year was used as the dependent
variable. The results of the regression analysis are presented in Figure 1
and Table 1.
Allocation of Total External Volumes Between Cordon Stations . To develop a
model for allocating total external traffic between stations, eight cities
with external survey reports available for two points in time were used for
the investigation. Data from a total of seventy-two external cordon crossings
in the eight cities were utilized in a simple regression procedure. This tech-
nique for establishing the correlation between the variables was selected be-
cause of simplicity while at the same time being adequate. A statistical test
was made that the percent of the total traffic crossing at each of the exter-
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total traffic crossing at each station from the base year reports were used
for the dependent or response veuriable and the percentages of total traffic
crossing at each station in the later reports vere used for the independent
variable. Values for stations in each city were computed in addition to a
regression on a combined sample of all seventy-two crossings in the eight
cities. The results of the analysis were examined to evaluate the compari-




b. H:B * 1.00
The first hypothesis tests that the intercept vaLLue is equal to zero
while the second hypothesis tests that the regression coefficient is equal
to 1.00. In all models neither hypothesis could be rejected at the a = .05
level. The results of the analysis are shown in Pigxire 2.
Split Between External-External and External-Internal . With a past external
8U]*vey available for the city, the percentages available for the city, the per-
centages of the total external-internal cordon crossings at each station as
existed is probably the best estimate of the percenteige of the total external-
intemsd. cordon crossings for the study year; however, a procedure to provide
this infonnation where a report is not available will be presented later. A
regression technique wets used to test the assumption that the percentage of
the extemal-intemsJ. traffic crossing the extemsil cordon at each cordon
station was the same as the percentage of the toteuL external traffic cross-
ing at that sane station. Twenty-seven survey reports were used for this
phase of the investigation consisting of two h\mdred emd thirty-two independ-
ent cordon crossing stations. Values were computed for data for each city
in addition to the regression on the combined sample. For this regression
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station was used as the dependent or response variable. The percent of the
totsLL external-internal traffic at each cordon crossing was used as the in-
dependent veoriable. Table 2 and Figure 3 present the results of this analy-
sis.
Determining Total External-Internal Voliane . The split of the total exter-
nal traffic volume into the two components, external-external and extemal-
intemsJ. traffic volumes, is required for the simplified planning procedure.
If a previous external cordon survey has been completed, the percentage split
at each station then provides the best estimate of the present split.
External-Internal Traffic to CBD . The final step necessary to provide a com-
plete package for the simplified planning procedure is to determine a means
of establishing the percenteige of the external-internal trips at each exter-
nal cordon station that are destined to the central area or to the screen-
line where the radial corridors merge and lose identity. Employment has
been shown to be a very strong trip indicator in other studies and a simpli-
fied distribution method using employment, not requiring computer iterations
for application, was developed.
Eleven study reports containing detailed employment data and trip infor-
mation by traffic zones were utilized as the data source for this phase of
the investigation. Cities included are shown in Table 3. Identification of
a centrsLL area was initially required. For this study the central area was
defined aus the CBD and the contiguous traffic zones where the total employ-
ment exceeded the ntmber of residents.
The response variable of the regression analysis was the percent of ex-
ternal-Internal trips destined to the Central Area. The Independent variable
2
was the percent of the total employment in the Central Area. The R was .75,
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Table 2 External Volume Vs. External-Internal Volume Model
City Sample Intercept Reg. S.E.of F Value R'
Size Coeff. Est.
Independence, Kansas 10 02 . 00 1. 14 7 19. 54 . 99
Big Rapids, Mich. 6 - 4. 36 .26 2, 42 206. 11 . 98
Richmond, Ky. 7 - S. 28 38 3. 27 90. 08 . 95
CampbellsviUe, Ky. 8 - . 81 , 07 92 274. 06 . 98
Bonham, Texas 6 -1. 23 .07 3. 60 36. 7 90
Center, lexas 8 48 . 96 1 83 21. 54 . 78
New Castle, Penna. 12 00 . 00 1 57 87. 72 90
Vincennes, Indiana 13 03 .01 2. 54 113 44 91
Bay City, Mich. 6 - 3. S4 , 21 5. 14 9. 71 71
Ann Arbor, Mich. 5 2.,65 87 4 71 32. 74 92
Bowling Green, Ky. 10 - 2.,20 , ZZ 2. 48 140 91 . 9S
Junction City, Kansas 11 1. 48 84 3. 76 134. <J3 . 94
Brownwood, lexas 9 98 09 1. 27 SIO. 60 . 99
Somerset, Ky. 9 - 1. 35 12 91 997. 01 . 99
Childress, Texas 7 - 3. 92 .27 2. 68 165. 96 . 9 7
Bay C ity, Texas 7 21 ,02 1 27 651. 34 , 99
Athens, Texas 9 .60 .05 1, 00 J80. 05 . 98
Car uther sville, Missouri 4 2., 56 . 90 2.,6i 188 5 9 . 99
Hannibal, Missouri 9 68 .06 1. 36 440. 44 98
Commerce, Texas 6 88 .05 2. 19 113. 80 . 97
Blytheville, Ark. 8 ,09 .01 39 4507. 47 1 . 00
Burger, lexas 6 1., S3 .91 1 18 i47. 64 . 99
Cynthiana, Ky. 6 -,.69 ,04 3. 09 80. 51 . 95
Kinston, N. C. 13 -..05 .01 1. 93 85. 50 . 89
Charlotteville, Vir. 11 -.. 58 .06 1 21 391. 43 . 98
Pulaski. Vir. 10 ,00 ,00 44 5408. 23 1 . 00
Martinsville, Vir. 16 . 02 .00 2., 37 73. 98 . 84
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the regression coefficient was .95, the steuidard error of the estimate was
k.60 percent, and the intercept value is 1.11. The assumption, that the
percent of the total external-internal trips with origins and destinations
in the Central Area is the same as the percent of the total study area em-
ployment en^loyed in the Central Area, was considered valid.
ExtemeQ. Survey Report Not Available
If an external survey report is not available the following procedure
shoiild provide adequate accxirate information for planning. The external
trip information can be developed by regression modeling. Certain assump-
tions must be made in addition to those generally required for regression
modeling such as:
a. The city must exist as a separate entity, i.e., not as a suburb of
a larger city.
b. A major military establishment or similar trip attractor must not
be in the aurea immediately outside the city.
c. The city must not be located on an international border.
Regression analysis, using cross products of certain combinations of the
variables, determined from plots, was employed as a means of investigating
the interactions. Possible combinations of independent variables versus
each of the response variables were plotted. Those combinations of vari-
ables indicating an intersection within the limits of the response variable
being investigated, if they met the additions^, criteria stated above, were
then entered into the stepwise regression program by use of the transgenera-
tion option.
External sxirvey reports from seventy-seven cities in nineteen different
states were obtsdned for the original data set. The reports were made avail-
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able by the state highways departments in each of the states.
A total of twenty independent vsqriables, both quemtltative and quali-
tative, were available in the development of the final regression models for
this study. Of these twenty, three were dummy variables used to represent
qualitative factors. Utilizing the same independent variables, two models
were developed regressing on two different response variables during the
model development. The response vsuriables were the total external and total
extemal-externed. cordon crossings. The cities included in the data set are
listed in Table U.
Total External Crossings . As a resxilt of the regression analysis, a model
for predicting total extemsil cordon vehicle crossings (for an inference
space of 10,000 to 100,000 population) is given below as equation (l).
Y^ » 28.55 + 0.068(X^) + O.OOOOpCX^) - 369. 8(X^) + T8.3(Xj^) (l)
where:
Y- a Total external cordon crossings
X- " County population density (population/square mile)
X- County area multiplied-by population of the cities larger
them subject city within a 25 mile radius of the city center
(population • square miles)
X_ « Reciprocal of the total study area population
X. = Reciprocal of the total study area employment
The s\amnary table is as follows:
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Moberly Missouri 13. 4
Lancas ter Ohio 32. 9
Belletontaine Ohio 11. 3
U rbana Ohio 11. 2
Xenia Ohio 25. 4
I iffm Ohio 21. 6
(;iri.-leville Ohio 11. 7
Greenville Ohio 12. 4
Mount Vernon Ohio 13. 4
Alpena Michigan 14. 7
Bay City Michigan 49. 1
Glasgow Kentucky 10. 9
R ichmond Kentucky 12. 5
Bowling Green Kentucky 30. 5
Frankfort Kentucky 18.
Owensboro Kentucky 42. 5
Elizabethton Tennessee 10. 1
Hender son North Carolina 12. 7
Kingston North Carolina 24. 8
Jacksonville North Carolina 15. 7
Lumber ton North Carolina 15. 3
Sanf ord North Carolina 11. 7
Hays Kansas 14.
Independence Kansas 11. 5
Pittsburg Kansas 18. 7
Borger Texas 13. 9
Bay City- Texas 12.
Brow nw cod Texas 16. 3
Big Spring Texas 28. 2
BIytheviIIe Arkansas 28. 3
Pulaski Virginia 11
Tuscallosa Alabama 61.,9
Gainsville Georgia 15 4
Boise Idaho 75,.0
Billings Montana 61 .6
Great Falls Montana 60 .
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ANOVA
SoTirce d.f. SS MS F Value
Regression k U5i9.ll 1129.78 20.10
Residual 31 I7U2.I+7 56.21
Total 35 6261.58
The standard error of the estimate * 7.50.
Allocation of Total External Vol\anes Between Cordon Stations . This distri-
bution follows the procedure previously outlined.
External-External Volvime Total . The total extenial-extemal cordon vehicle
crossings are computed by use of equation (2) as noted below:
Y » U.28 + 0.035(X ) + 0.066(X2) - 0.06U(X ) (2)
where:
Yp » Total external-external cordon crossings
X^ » Population of the cities larger than subject city within a
25 mile radius of the city center
X- » County popvilation density (population/square mile)
X_ » Population of the cities smaller than subject city within a
25 mile radius of the city center
The 8\umnary table is as follows
;
•iab]Le R r2 Increase
2
on R
^1 .73 .53 .53
^? .82 .68 .15
X, .86 .7h .06





Source d.f. SS MS F Value
Regression 3 1339.08 Ul+6.36 29.69
Residual 32 U81.16 15. oU
Total 35 1820. 2U
The standaord error of the estimate 3.1
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Internal Traffic
Developing a Growth Factor . A growth factor for each corridor must be es-
tablished to forecast growth of internal traffic. The factor must adequately
represent the growth of all "activities" in the corridor. Corridors commonly
contain an eigglomeration of land uses, each having a different trip genera-
tion rate, therefore, a method of weighting these rates is necessajy. The
growth factor must reflect the increase, present to teirget year, of each
land use.
The method established to handle the weighting of trip attractiveness
of various land uses was to use the percentage of total linked-trips by
linked-trip purpose. This information was obtained from a review of avail-
able origin-destination study reports. Trip purpose may be related to land
uses or other paurameters to obtain a relative trip attractiveness. Linked-
trip purpose percentages for auto driver trips for various size cities in-
dicates that the percentages are similar for all sizes of cities.
Parameters, easily measured emd forecastable , to indicate trip piirposes
are required. The acres of each type of land have been used in many studies
for this purpose but there are problems inherent with this parameter such as
varying densities of development, which make it undesirable.
The total number of employees within the unit of study is a good indi-
cator for work and business trips and were \ised for the study. This infor-
mation is available from several sources and is usually listed by business
establishments and can be forecasted satisfactorily.
Home trips can be determined by using the number of dwelling units per
corridor.
Shopping trips may be determined by using the total number of retail em-
ployees. The number of retail employees by corridor caJi be obtained easiest
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concurrently with collection of the nimber of total employees necessary for
work trips.
Social-recreation trips to clubs, theaters, residential areas etc., are
difficult to represent with any single parameter due to their diversity. The
three parameters used for work and business , home and shopping trips can be
assumed to represent these trips without a separate pea"ameter.
Previous research has indicated that these three parameters were ade-
quate to represent the total trips. This project therefore used total em-
ployees to represent work and business-linked trips by corridor, the number
of retail employees were used for shopping-linked trips emd the ninnber of
dwelling units were used for home-linked trips and other trips to residential
areas
.
The procedure establishes relative trip production rates for the three
parameters in the study area in the following manner. The relative average
trip production rate per employee are established by dividing the percent of
the total trips to be represented by that parameter by the total employees
in the study area. The same procedure would be followed for the remaining
peurameters. These rates are assianed to remain constant over time and are
used in both the base and tsurget year.
The procedure for developing a growth rate by corridor was as follows
:
1. The relative trip rates by each parameter are multiplied by the
quantity of the parameter in the corridor for the base year and
the products are totaled.
2. The procedure is repeated for the target year using forecasted
quantities of the parameters
.
3. The ratio of the target year swa. to the base year sum is the
corridor growth factor.
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k. The corridor growth factor multiplied by the base year traffic
volume in the corridor gives the forecasted or design volume
for the corridor.
Plan Evaluation . The evaluation procedures for alternate plans are well
documented by many references such as the National Committee on Urban Trans-
portation (l). The evaluation is simplified because the extent to which
mass transit vehicles will contribute to congestion or its relief is minor
in small urban areas. Furthermore, freeway networks su"e seldom warranted.
This leaves improvements to the existing system eis the primary solution to
traffic problems. The street capacity calculations themselves should pro-
vide clues as to where additional needed capacity can be provided with mini-
mum expenditures. The Policy and Procedure Memorandum 21-18, U. S. Depart-
ment of Transportation, Federal Highway Administration, dated May 13, 1971,
for the TOPICS program provides a good guide for methods of upgrading exist-
ing facilities.
All traffic assignment procedures require engineering Judgment. This
proposed simplified procedure requires the same Judgment in its application.
There will be only a few existing parallel arterial streets to handle the
corridor traffic and it can be assimied that traffic can be divided between
these streets. Major arterials should always have fovir moving lanes and
this should be sufficient in most cases to handle arterial traffic in small
urban aireas. It should be remembered that re-eveduation of the plan will
be simple under the proposed procedure, therefore, caji be easily and quickly
repeated any time any substajitial variations in forecasted traffic volumes
are noted.
The usued procedvire for major thoroughfare planning is to make an over-
all twenty year forecast with five year step or incremental forecasts to
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provide information for establishing project construction priorities and
for capital improvement programs. The simplified procedure should not be
an exception to this procedure, quite the contrary, this is one of the
strong points of the method. Simplicity and minimum personnel requirements
pennit re-evsLLuation on short notice as area development dictates . When
unexpected new development occurs a re-evaluation can be quickly accomplished
to check proposed plans and provide information for modifications if necessary.
The five year incremental forecasts will also preclude errors due to large
growth factors.
The "best" plan is that plan that satisfies the people of the community
and satisfactorily handles the traffic. Utilizing the simplified procedure
described herein adequate information will be developed to provide direction
to those charged with the responsibility of developing a plan but it is not
intended as "the" cookbook solution. Judgment and assistance of those in
the area is not only helpful but is an absolute necessity when developing
a plan that will serve the purpose and be acceptable to those it affects.
Data Collection . Data collection is greatly simplified using this procedure.
Dwelling unit data and street inventory information are obtained from aerial
photographs for the various time periods. Employment data are obtained from
state employment offices, supplemented by some personal contact. Traffic
data are usually available from the state, county or city. Some additional
coiants may be required. Automobile registrations are available from the
state
.
Additional information, such as maps, zoning, and land use data are




To properly evaluate the growth factor technique of traffic forecasting
requires establishing standards for acceptance. The standard of acceptance
for this project was established as the point where the predicted volume was
within the range of accuracy that would allow a planner or designer to deter-
mine the correct number of lanes, proper location of improvements and proper
relative construction priorities for improvements to the major thoroughfare
system of a small urban area. In reviewing the described procedure, the
reader must not lose sight of the basic advamtages and the design constraints
for this procedure. It is simple, economical to use, and can be effectively
utilized by personnel possessing a minimxan of expertise in transportation
planning. In short, it is intended to be as simple and inexpensive as pos-
sible while still providing the required information.
Major thoroughfare capacities for planning purposes are based on the
1965 Highway Capacity Manuad (k) . Using the manual, certain ranges of ser-
vice volumes for the demonstration city were obtained for a thoroxighfare
assuming the following:
1. A level of service - "C" 6. G/C - .U5
2. Population of city - 75,000 T- Lane width - 10-12 feet
3. Peak hour factor - .85 8. No parking
h. Directional split - GO-kO 9. Twenty percent tiims
5. Peak hour volvune - ten percent of ADT
Using the above assiunptions , considered reasonable, gives the following
capacity ranges for major thoroughfares.
U lane thoroughfare - 12,000 - 15,000 vehicles per day
h lane with left turn lanes - 15,000 - 19,000 vehicles per day
6 lane thoroughfare - 19,000 - 23,000 vehicles per day
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This indicates that an estimated volume with an error of approximately
four thousand vehicles per day, for volumes under nineteen thousEind, will
not change the basic design of the street. If the estimated volume fore-
casted during the planning study is Just vinder fifteen thousand vehicles
per day for a street which has four lanes, twelve feet wide, no improvements
will be recommended. If the volume for the target year actually is between
fifteen thousand vehicles per day euid nineteen thousand vehicles per day,
then some widening may be needed at critical intersections to incorporate
left tiirn lanes. At non-critical intersections, additional green time may
be available from the cross-street to accomodate the additional volumes. It
is apparent from these figures that the underestimation of future traffic
by four thousand vehicles per day of voliomes below nineteen thousand would
not create a traffic problem for the target year. Over estimation would
not involve significant over design unless the estimated volume exceeds ap-
piroximately nineteen thousand vehicles per day.
The streets on the major thoroughfsire system in any urban eirea should
be designed and constructed to four leine minimum standards according to the
recommendations of the National Committee on Urbaji Transportation. Volumes
in the range below the basic capacity of a four lane facility therefore do
not affect the design in any manner.
Feasibility Demonstration
The city of Colianbus, Indiana was selected as the site to demonstrate
the feasibility of the entire package comprising the simplified procedure
for major thoroughfare plsmning in small urban areas.
Study Area . Columbus is a city of approximately 27,000 population. The
city is a typical small city that has experienced a steady growth through
pO
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the years. Because of the location at the Jiinction point of several rivers
and other small streams the growth has been primarily in the north and east
portions of the city rather than concentrically as in many communities.
The completion of Interstate 65, providing a connecting route from In-
dianapolis to Louisville, Kentucky and also on the route from Chicago to
Florida and other southern states, is the only major change in the highway
system in the area during the last twenty years.
A number of major industrial plants such as Cummins Engine and Arvin
Industries are located in the city. The city has a higher than average
ratio of employment to population due to the heavy industrialization. This
effect on trip generation characteristics of the commiinity is to produce a
higher percentage of external-internal trips than other comparable sized
communities. The city administration and the citizens have long recognized
the necessity for sound planning of the future. This progressive attitude
is positively indicated by numerous studies and resulting reports on all
phases of community development. This abundance of basic materisQ. to use
for data soiirces may indicate that the estimated cost for the study should
be increased when estimating the cost of application in communities with
less basic data.
External Cordon . The study area external cordon was established to include
the area expected to become developed by 1990. The Interstate 65 route was
utilized as the west cordon limit because of the natural screenline it pro-
vides.
Clifty Creek was established as the east bo\andary. The location of
the cordon throughout the study area permitted using the Indiana State High-
way Commission count station locations.
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Corridors and Major Thoroughfares . The arterial street plan prepared by
DeLeuw Gather and Associates (2), presently being used as a guide for Coliom-
bus, was used to assist in initial street inventory traffic volume counts
and corridor Identification.
The Identification of corridors for Columbus was accomplished by utiliz-
ing the arterial street plan, the existing traffic volume flow map, existing
land use map Emd information from personnel familiar with the area.
Seven basically radial corridors were established as shown in Figures
h and 5. Two of these corridors overlap due to the configxiration of the
streets. State Highway h6 is considered a radial route; however, it effects
a ninety degree route change to approach the central area screenline, disburs-
ing traffic over five closely spaced streets crossing the screenline. This
alighment crossed corridor U, Central Avenue. This does not create a double
count because the procedure uses a growth factor not trip productions
.
U. S. 31 Bypass traffic was forecasted using a growth factor based on
the growth of the entire area from the Tenth Street corridor on the east
to the Flatrock River on the west.
Calibration Procedure . The simplified procedxire developed recommends the
use of two points in time to establish a calibration for the city involved.
The project was initiated early in 1971, therefore 1970 was used for the
study yeex data.
The i960 to 1970 calibration period for Col\anbu8 was selected for several
reasons as follows
:
1. U. S. Bureau of Census data was available to check dwelling unit
counts from aerial photography.
2. Traffic volume counts were available from the Indieuia State High-
way Commission.
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FIGURE 4 CORRIDORS - COLUMBUS
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FIGURE 9. CORRIDORS- COLUMBUS
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3. The ten year period provided a reasonable test of the capabilities
of the overall procediire.
A complicating or confounding factor that occurred dviring this period
vas the construction and opening to traffic of Interstate 65 immediately west
of Columbus. The I963 Columbus Arterisd Plan (2) presented before and after
volumes throughout the city providing sufficient information to assess the
effect of opening of Interstate 65.
The actual calibration procedure vas as follows below, i960 was used
as a base year and growth factors for the external and internaO. traffic
based on the corridors established were computed. After applying the growth
factors to the i960 existing vol\anes, the resulting forecasted 1970 volumes
were compared to the observed 1970 volumes. Comparison of the central area
screenline volumes within the accuracy necessary for design was considered
reasonable assurance that the corridors established are satisfactory for
planning purposes.
External Traffic . An extemeil traffic growth factor was computed using the
increase in total vehicle registration for Bartholomew County for the period
i960 - 1970. The completion and opening to traffic of Interstate 65 Just
west of the city in late I962 make direct comparison of i960 to 1970 exter-
nal voliimes Impossible; however, adjustment of the i960 voltmies on U.S. 31
by thirty percent to adjust for the Interstate provides comparable figures
.
The adjustment factor was provided by information presented in the Arterial
Street Plan report (2).
Table 5 presents the compeurison of forecasted 1970 traffic volumes at
extemaO. cordon stations (developed by applying a growth factor based on
the increase in total vehicle registration in the county from i960 to 1970,
to the i960 traffic volumes at each station) to the observed 1970 traffic
volumes. The I96O traffic volumes at the U. S. 31 external station north
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Table 5 Columbus - Extern*l Cordon Station Check
Route 1960 Growth Estimated Actual Error
Vol. Factor 1970 1970
Volume Volume
U.S. 31(N) * 6,858 1.64 11,247 10,399 848
S.R. 46(E) 3,956 1.64 6.488 6,816 -328
U. S. 31 Bypass
at Clifty Creek 5,325 1.64 8,733 12,034 -3,301
S.R. 7 at
Clifty Creek 4, 522 1.64 7.416 7. 371 45
U.S. 31 Alt. at
Oenois Creek 3, 562 1.64 5,842 3.052 2, 790
S.R. 46(W) 4.200 1.64 6.886 9.011 - 2, 123
46,614 48.683
* Existing volumes reduced 30% to adjust for opening of I. 65 as per
Arterial Street Plan for Columbus, Indiana (9).
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of the city and U. S. 31 Bypass at Clifty Creek were reduced thirty percent
as indicated by the DeLeuw Gather Study (2) to adjust for the opening of In-
terstate 65. The total 1970 forecasted external volume wsis h6,6lk vehicles
per day as compared to the obsei^ed 1970 external volxme of U8,683 vehicles
per day at the stations. The total error is 2,069 crossings and by distri-
buting this to the individual stations based on the existing percenteiges of
total external traffic the maximimi error would be 500 crossings. Individual
expansions at each station indicate maximum errors of 3,301 vehicles per day
at U.S. 31 Bypass at Clifty Greek and 2,790 vehicles per day at U.S. 31 Al-
ternate at Denois Creek. These differences csm be attributed to a slight
change in traffic patterns occurring subsequent to the opening of Interstate
65. None of the differences were of sufficient msignitude to cause a design
chsmge if they were used for a design. However, the future forecast will
be based on the 1970 patterns and therefore will not reflect these differ-
ences due to a slight change in traffic patterns. The growth factor for all
external stations was based on the Bartholomew County total vehicle registra-
tion increase because Interstate 65 (outside cordon) was considered to be
the route selected by cross state traffic. The comparison thus obtained
was considered acceptable and a growth factor based on county vehicle regis-
tration increase was considered acceptable for forecasting externed volumes
to 1990.
The external-exteimal component of the total external traffic was deter-
mined by regression model. The extern«J.-extemal volume thus computed was
9,500 vehicles in i960 and 10,800 in 1970. This volume was distributed to
the external stations using the same percentage as existed for the total ex-
ternal volune.
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The percentage of the externed-intemal traffic to be distributed to the
centrsJ. area was determined by the percentage of total study area employees
employed in the central area in 1970. This amounted to kk.3 percent.
Internal Traffic . The intemaJ. traffic volume growth factors were computed
using the growth of three parameters of dwelling units, total employment and
retail employment in each of the seven established corridors.
The percentage of the total internal trips to be represented by each of
the three peurameters of dwelling units, total employment and retedl employ-
ment are 50, 35, and 15 respectively. Dwelling unit data by corridor was
obtained from 1" 1+00' aerial photography enlargements for both yeeu-s. Em-
ployment data for both years were from information assimilated and tabulated
by the Indiana Employment Secxirlties Division. The base year traffic volumes
were beisically from counts made by the Indicuia State Highway Commission in
1959, supplemented by information from city files and the Arterial Street
Plan Report (2). The 1970 counts were from the I.S.H.C. and City Engineer's
Office. Additional counts were provided by city personnel to complete the
required information.
Using the corridor growth factor procedure the existing i960 traffic
volumes were expanded to 1970 and compared to the actual observed traffic
volumes. The forecasted and observed volumes at the central area screen-
line were compared for each corridor and additional point volumes were com-
pared on S.R. U6 (Twenty-fifth Street) at U.S. 31 Bypass and Washington
Street Intersections. Table 6 presents the results of this comparison and
gives the growth factors used.
The majcimum difference between 1970 forecasted average daily traffic
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is probably due to a slight change in traffic patterns occurring after com-
pletion of Interstate 65; hovever, the difference did not affect the thor-
oughfare design.
Differences in all other corridors are of such magnitude that designs
would have been unaffected. Corridor T is one of the major corridors with
respect to total traffic magnitude; however, the one-way pairs of Franklin
and Lafayette, California and Chestnut, in addition to Washington Street
serve the traffic desiring to enter the central area. Seventeenth Street
was not included as an east-west route because of its configuration terminat-
ing at U.S. 31 Bypass on the east and at a cemetery on the west. It does ef-
fectively serve as a overflow or alternate route for S.R. k6 and Twenty-fifth
Street for short trips as shown by the existing volumes. The calibration or
check period as described herein substantiates the corridor identifications
and the overall feasibility of the entire procedure with respect to providing
adequate accurate design information.
CONCLUSIONS
The completed package for a simplified planning procedure for major
thoroughfare planning for small urban areas, utilizing the corridor growth
factor technique with synthetically developed external data, provides traf-
fic volumes sufficiently accurate to develop major thoroughfare plans. The
methodology fits satisfactorily into the overall planning process utilizing
output from other studies as input to the process. The cost of completing
this type of study is a fraction of that required for the home-interview,
computer oriented procedures although the resulting information produced
satisfies the same requirements, i.e., design volumes. Detailed cost and
time figxires were compiled during the feasibility demonstration. After making
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upward adjustments in these costs to convert from a research environment
,
the best estimate of the total cost if the study is conducted by city per-
sonnel is $15,389.
Specifically the following conclusions can be drawn from the research.
1. The corridor growth factor procedure, in combination with synthe-
tically produced external information, can be used as a complete
package to determine future traffic demand within the accuracy
necessary for major thoroughfare planning in small urban areas.
Tests in Columbus substantiated this fact.
2. The three parameters used for the corridor growth factors deter-
mination Bxe adequate to inlicate corridor traffic volume (growth.
The data are easy to obtain and easy to forecast. Aerial photo-
graphy can be used satisfactorily to obtain dwelling unit infor-
mation, discern growth patterns, etc., for use with the simplified
procedure.
3. The research indicates that the following conclusions may be drawn
concerning external traffic in small urban areas
:
a. The existing distribution of total external cordon traffic
volumes between stations may be used as the best estimate
of future distribution of the forecasted total external
volximes
.
b. For small urban areas, a growth factor developed using the
co\anty total vehicle registration increase is sufficiently
accurate for thoroughfare planning.
c. Regression modeling can be used to provide the total external-
external traffic volumes in a small urban area within sufficient
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accuracy for thoroughfare planning and this computation does not
require computer usage,
d. The best estimate for distribution of external-external traffic
volumes among external cordon stations is the existing percen-
tages of total external volumes.
ACKNOWLEDGMENT
The authors wish to acknowledge the finsmcial support of the Joint High-
way Resesurch Project of Purdue University and Indiana State Highway Commis-
sion (5,6,T»8), and the Federal Highway Administration. Also the data assist-
ance provided by many State Highway Departments is greatly appreciated.
Jones, Grecco UO
LIST OF REFERENCES
1. Better Tretnsportatlon for Yovir City , National Committee on Urban Trans-
portation, Public Administration Service, Chicago, Illinois, 1958.
2. DeLeuw, Cather and Company, Arterial Street Plan for Columbus, Indiana ,
Chicago, Illinois, April I963.
3. French, D. K. , "A Simplified Procedure for Major Thoroughfare Planning
in Small Urbiui Areas", Joint Highway Research Project, Report No. 29,
November, 1967-
h. Highway Research Board, Highway Capacity Manual , Special Report No. 87,
1965.
5. Jones, Andrew D. , A Simplified Procedure for Major Thoroiighfare Planning
in SmsLLl Urban Areas, Joint Highway Research Project, July 1972, Report
No. 18.
6. Jones, Andrew D. , Study Design for Columbus, Indiajia, Major Thorough-
fare ajid Plan Development Study , Joint Highway Research Project, July
1972, Report No. 19.
7. Jones, Andrew D., Major Thoroughfare Study and 1990 Plan for Coltunbus ,
Indiana, Joint Highway Research Project, July 1972, Report No. 20.
8. Jones, Andrew D. and W. L. Grecco, Procedure Manual for Determining
Traffic Patterns for a Simplified Procedure for Major Thoroughfare Plan-
ning in Small Urban Areas , Joint Highway Research Project, July 1972,
Report No. 21.


